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In color-string fragmentation interpretation
r iS @ measure of the string tension
(Andersson, Hofmann and Bowler)

(Particle World 2(1991)1, Phys. Lett. B169(1986)364)

e.g. two identical pions

vielding same final state
different area, different phase

; _F - _r
’tpOC e?,K,Alze 2A12_|_81,K,A216 2A21

k string tension
P splitting probability

Full calculations
— R(T) roughly exponential
R(T) = Rp(1 4+ \exp(—rT))

r(x) is independent of the total interaction
energy
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3.4. Comparison with other experiments
(Gaussian fits)

1.2 .
‘é“ @ Hi *p)
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All values about the same
Except for MARK 11

No evidence for energy dependence
No evidence for primary interaction
dependence

supports more recent interpretations of r
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Instanton Phenomenology
at HERA

A. Ringwald

in collaboration with

F. Schrempp

and
M. Gibbs (Monte Carlo) S. Moch (PhD Thesis)

1. Introduction
2. Monte Carlo Generator QCDINS

e Physics Input
e Limitations

3. Conclusions

Copy available via WWW:
http://www.desy.de/ “ringwald /dis97 /talk.ps.gz



1. Introduction

e Hard scattering processes in strong interactions are successfully described
in terms of the usual Feynman diagrams of perturbative QCD.

e Procedure behind Feynman diagrammatics:

— Expansion of the Euclidean path integral expression for the
corresponding Euclidean Green's functions

J[dA]ldy] [dl/j]Ap(:Bl) () .. P (xa) exp{—S[A, ¥, Y]}
[1dA][dy)[dy) exp{—S[A, ¥, ¥]}

about the perturbative vacuum configuration, ALO) = 0, with
minimum Euclidean action S = 0.
— Amplitudes: power-series in terms of o,.

e The instanton AL”(&:) is a non-trivial solution of the Euclidean YM
equations and thus a non-trivial local minimum of the Euclidean action
with SU) = 27/ a,.

— Expansion of the Euclidean path integral about the instanton can be
summarized by modified Feynman rules.
— Amplitudes: o< exp{—27/a,}.

e In QCD with massless quarks usual perturbation theory and instanton
perturbation theory describe two distinct classes of processes:

- In usual perturbation theory, Green's functions corresponding to
chirality (Q3) violating processes vanish to all orders.

— In instanton perturbation theory, only Green’s functions corresponding
to AQs = 2ny processes receive non-vanishing contributions.



lSignature of instantons at HERAI

n lab

Instanton decays isotropically in multi-parton state
consisting of gluons and all quark flavours
kinematically allowed:

— High multipheity
— densily populated narrow band in 7, flat in ¢
— more strange/charm particle then in normal DIS

-+ large transverse energy



lLimits from Multiplicity Distribution'
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Determine n., beyond that no events have been
measured:
Fractional limit (95% confidence limit):
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‘Maximally Allowed Instanton Fraction'
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e Limits from existing HERA data: c.f. T. Carli’s talk later.

— Searching for excess in multiplicities (all particles; Kaons), total
transverse energy . . .
e Possible Search Strategies:
[Gibbs, Greenshaw, Milstead, A.R., F. Schrempp, Proc. “Future Physics at HERA”, 1996]
— Combine event shape information with multiplicity cuts, transverse
energy cuts and searches for K%s and p's.
— Analysis in v — P rest-system:
* In this system, (1+1) and (2+1) jet perturbative QCD processes
deposit their energy predominantly in a plane passing through the
v — P direction.
x Energies from I-induced events are always dlstnbuted much more
spherically (ISOTROPY!).
* I-induced events have large { ET)! (Fig.)

-
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l Summary I

QCD instanton production was systematically
confronted to HERA data

Most sensitive observables:

— Transverse energy flow
— multiplicity flow of hard particles

— multiplicity distribution

Extracted limits extent kinematic domain:
1-1074 < 2p; <1-107%2 and 5 < Q? <80 GeV?

Best limit from multiplicity distnibution:
flims_,l% 10§Ulim560 pb

Note: this limits directly scales with £

Only 1993/1994 data (~ 1 — 2 pb) were used in
this analysis much more data are on tape !
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e The Power Correction Part

16
(Fypo = qp 0 By @

3m Q oy

) Bo K Voo |
ag(py) — as(Q) — NS {IU Q. < T 1} a(Q)

q

Q

Hi
x ap— Inf -
1if

contains in addition to the new Scale ;:; and the non-
perturbative parameter «,{;;; two coefficients o and
p, that are calculable and depend on F.

All Power Corrections investigated are x ! (), resp.
p = 0, except for B, ; where p = 1. In our fits, howe-
ver, the conjectured behaviour of 'B. - could not be
verified and p was taken to be 0!

® ¢;, ¢z and af coefficients used in the QCD fits (p = 0
always):

Observable c1 Ca ag

(1 - T¢) 0.384 +£0.033 0.5710.21 1
(1-Tz)/2 0053+0.033 3.45+0.23 1
(Bc) 0.990 + 0.121 2.39+0.86 2
{pc) 0.359 + 0.048 —0.05 + 0.30 1/2




CORRENT JeT THrRusT -
NEED ONLY INTEGR AL ALoON G

RouNDARY.
FTC'Rré) O~ F'r (xre) ""8_[2 t1C)<)

(oMES FROM

!
. e = d§ 1+§
Jdf €148 q ;c)’f d§ 1+€
Fle) = (28 800 G) 7 E R
x ’ 9(

/

‘\)x

0-5 rrrr

01 |—

0.0 llll[llll[llllllllllllll

PloT & For BoTh nor MAL)TATIONS
herp ENERGIES Jg = 29¢ GeV.
rRs A PARTon DIST-  USED

y yalyes OF % 003 —-i0

daghad Gurve - Pert- (Ro)) sotdd @R

. swer Caryech ouw,
= xo ‘r P RPN - . An Cnn Cel



TeT RROADENIMN & )
et SlicnTLy DiErERE oY BEhSA\llooR
Full (MASS\VE) CALCULATION GIVE

FBc-r«,e) ~ Fe(x.o) + % Je (,Qme +¢) 9Cx)

- A \ — Unhwowwn
$4B = __‘J_é_* %EO Qo = Unhes

QQUY\@% approx.  QIVeD e

- £p o df ?'\.‘_, ?(7‘
o fdr £ i) el (35 TG
x 1% £

1-0 rTFrrryrrrryrrrryyrrTryrryr 1-0 reri TTTT TTrT P rTYTpFrTAT
SASM RAARY LAARS AARA) MRS SAAM) RARNS RAAA) RAARS MARR

(Bq)

(,AQ(,.g Potstr CorpecTonS -4

ONCERTAINTY A RouT REFF(CIENT
MEAN — nNoT A Gooo VARIAGLE
FoR Kg EXTRACTIOMN 7



e The perturbative Part { F')"*"* may be obtained to O(a?)
via

Filoax F do dF
"d";-? 1 Fmax da-

Fypert = 0 = F 2 dF
( ) F'Eaxg%dp Tiot ({ dF ’

where the total cross section needs only be knowsn te
first order QCD.

Currently two NLO programs are available for this
task:

1. MEPJET: E. Mirkes, D. Zeppenfeld;
Phys. Lett. B 380 (1996) 205

2. DISENT: S. Catani, M. Seymour;
Phys. Lett. B 378 (1996) 287

Due to the integration method applied in MEPJET,
however, a lower cut in F, such that

0<Fcut<FSFmax

has to be used.

In DISENT special care has been taken concerning the
numerical integration of F' do /dF, which still contains
integrable singularities for ' — 0.

= It is allowed to use the complete phase space
0 < F < Fuaxe
=> DISENT results are used in the analysis.

In the overlapping phase space MEPJET and DISENT
agree to < 1% in O(a,) and ~ 3% O(a3).



<Q» =75 GeV <@> = 14.9 GeV

® H1 ep data
= NLO DISENT
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5. Fit Results

Q dependence of H1 event shape means (full symbals),
DISENT NLO calculations (dotted lines) and power

correction fits (full lines):

A .
o| a) ® Hl ep data Hl z ) & Hl ep data Hl
[ — [fit to H1 =ap data i — fit to H1l ep dale
LA I NLG partona [ - wewes NLO partons
Vv 0.2 . [ 0.2
F
v
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%o 50 100 o 50 100
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0.5 .15 T
N ] A
O [ ¢) H1] © - d) H1 -
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o - —— fit to Hl ep data S L — fit to N1 ep dute ]
v e NLO partons - NLO partoms
0.4 .
| 0.1 n
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0.2} | ]
0.05 } :?—'\‘“‘f
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e Results on & and a,(VM ;) from fits to the Q depen-
dence of the event shape variables (first error experi-
mental, second error theoretical uncertainties):

Observable do(pr = 2 GeV) o,(Mz) x2 /ndf
Hl e p data

{1 = T¢) 0.497 4 0.005 #2970 0.123 4+ 0.002 330  5.0/5
(1—Tz)/2  0.507+0.008 #3199  0.1151+ 0.002 335  8.5/5
(Bc) 0.408 + 0.006 *3-93  0.119+ 0.003 >33,  5.3/5
{pc) 0.519 4+ 0.009 *3023  0.130 + 0.003 ¥3327  3.1/5
Common fit without B¢, ienoring correlations!

Te + Tz + pc  0.491 £ 0.003 9070 0.118 + 0.001 T3 308 39/19
ete~ data

(1-T..) 0.519 % 0.009 *298 0,123 + 0.001 *3227 10.9/14
{(MZ /) 0.580 & 0.015 ¥322*  ©0.119 % 0.001 *303  10.9/14

=

e All investigated Event Shape Means exhibit consistent-
ly a 1/Q behaviour, no 1/Q? terms are needed.

® The theoretical ansatz with p = 1 for (B¢) does not
fit to the data.

e The concept of a ‘universal’ Power Correction para-
meter ¢y in DIS e p scattering and e"e~ annihilation

is supported.



Error Consideration:

e Experimental Errors (statistical and systematical):

by ~ +0.007 oo, ~ +0.003
e Theoretical Uncertainties:
1. NLO Calculations: ¢; & dc;, c3 F dc;
0o ~ +£0.002 da, ~ +£0.001
2. Renormalization Scale: 08Q < pp < 1.3Q
Scp =~ 1+0.06 S, T8

The interplay between non-perturbative (u;) and
perturbative (ur) regions is problematic.

Recall: AL pr < pr
for a range in (Q) of 7.5 — 68 GeV

Lower value: require 3u; < pg

3. ‘Infrared Matching’ Scale: puy = 2.0+ 0.5 GeV

day X g day ~ $£0.002

= Total error is dominated by theoretical uncertainties.
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133Ge 0.07 0.08 009 0.1 0.11 0.2 0.13
ALEPH 01191 0.005 + 0.007 ——
DELPHI 0.116 + 0.007 £ 0.005 -

L3 0.107 £ 0.005 + 0.006 —+
OPAL 0.110 + 0.005 + 0.009 —
LEP 0.113 £ 0.003 + 0.007
[T ETY YT FTE T TU UV FEu e I
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LEP 0.105 1 0.003 + 0.008
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A review of the n, measurements at LV rr

Event shapes at /s = 161 GeV

Preliminary
,E L;.' U orAL g i0 "OPAL
:'i: -
: g
o

Vodo/dB,

® OPAL date ¥6) GeV

— QCP Otaﬁ-H'ﬂ,LA
n{R)-meatciing it

<> Fit ranges

3 2 .
10 10 10

D

OPAL: O(a?) + NLLA QCD

(0:5(161GeV) = 0.102 = 0.005(exp.) & 0.007(theo.))
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Fragmentation Model Independent
as Determination

(D = o ] 1G4 = Unt) + )

Ly

<fimv)=“f'! 7
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“ R % mow
— r

DELFPHI

.IO — = "” !;JG:V

@ (133 GV) = 0.116 & 0.007,., 0 o,

(161 G&V) = 0.111 £ 0.007,, iy,  (preliminary)
(172 GeV) = 0.111 £ 0.007,.., 00, (preliminary)

o The size of the non perturbative corrections
decreases with /s
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Q dependence of H1 event shape means (full symbols)

in comparison with ete™ data (open triangles), LEPTO
hadrons (full lines) and partons (dotted lines):

A — v e B S — v r —
4] a) H1 3‘ b) H1
| ® Hl ap data & HI1l ep data
- A a'a” data | —— LEPTO hadrona
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A v
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Q [GeV] Q [GeV]
oS —mMmF————— 0.15 ——mMm ————7—————
A I ] A
<, ) Hi] & L d) H1 |
® Hl ep data | @ H1l ep datis
m —— LEPTO hadrons 1 9— . A e'e data 4
v - - LEPTD partons b —— LEPTO hadrone
0.4 = L '-: -------- LEPTO partons
0.3
.2}
0.1 .
o o .

0 50 100 o ] 50 100
Q [GeV]) Q [GeV]



JET SHAPE DEFINITION

The jet shape is defined as the aver-
age fraction of the transverse energy
of the jet which lies inside an inner
cone of radius r concentric to the jet
cone. Wy (r)

1 3 Ep(k
> k<r T()’ 0<k<r

Niets jets "k<r Eq(k)

P(r) =

e The Jet Shapes are measured using
the calorimeter.

e The Jet Shapes are corrected back
to the hadron level.

6



NLO QCD Calculation in ~p

e Jets are reconstructed using a cone
algorithm as in the data.

e Up to three partons in the tinal state
— no more than two partons within
a jet.

e In NLO., {1-Vir is computed in or-
der to avoid collinear singularities.

- BAdETET d~ ~p — 3partons - X dEy
_ T o e : . .
EJ{?” - EX o

o1 —VU(r)is Olas) — The jet shape is
calculated only to lowest nontrivial
order.

13



NLO QCD Calculation in yp
G. Kramer and S. Salesch ( Phys. Lett B 317 (1993) 218)

M. Klasen and G. Kramer (DESY-Preprint 97-002)
¢ Renormalization scale : ;= EJ <t
e 1-loop o
¢ Resolved and Direct processes

e Weizsacker-Williams approximation

e Parton distributions:
Proton (CTEQ4) Photon (GRV HO)

e Merging: H.., (Ellis,Kunszt.Soper)

Twou partons are combined if

T el
- —_ EQP P FJ -
- r -7
- A .-.- - A min e s RORL
niax By Eh

There is a strong dependence on
and Hsep

14
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NLO QCD Calculation in vp
ZEUS 1994
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e NLO QCD calculations at the par-

ton level are able to describe the

measured jet shapes.

e For the E%et dependence with

Rsep = 1.4, except for the lowest E%—F‘r
region.



Comparison to ete™ and pp

e« ZEUS (NC DIS):
Jets with 37 < E}f* < 45 GeV

e OPAL : |
Jets with E7¢ > 35 GeV

e CDF : '
Jets with 40 < E-.;Jret < 60 GeV

e DO : N
Jets with 13 < E4 < 70 GeV

Jet e

jet

Jet

Jet ’ ECE

21
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Comparison to ete™ and pp

ZEUS Preliminary

Vo anine
| -
Y
n ® é
. é
" é
0.8 1 i +
i $
0.6
i # ZEUS DATA DIS NC 1994 (e* p)
04 B OPAL DATA (e’ ¢™)
A CDF DATA (p p)
0.2 ® 0 AT \F 5\’ i
0 1 | | ; H
0.2 0.4 0.6 0.8 1

r

e ZEUS and OPAL — High E} jets predom-

inantly coming from quarks. The results
from ZEUS and OPAL are very similar.

e CDF and DO — contributions from high

EY" jets predominantly coming from glu-
ons.
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e The observed differences increase
as 1’ increases — the resolved - p
processes dominate in the forward
region.
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E;g > 11 GeV
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cone algorithm in hcm
RCO?IB = ].- pi_]et > 5- Ge\f
2 jets with:  An”™ < 2.
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Comparison of Data vs Monte Carlo

(% > 200 GeV2 W= > 5000 GeV=. o > 0.01. Ay > 7°)

]llll'l'![[TTIllEW TT

+ Data
—— ARIADNE 4.08
------ LEPTO 6.5

TlHTIITlI

fwd jet

o a full set of complentary jet related observables was
checked

e ARIADNE deseribes yo and z, very well
o ARIADNE and LEPTO are poor in the description

of the forward jet’s polar angle distribution

e we unfold the data with ARTADNE i the following

-~



Sensitivity to ag

*  Unfolded Data
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o differential jot rate is clearly sensitive to value of o

® :’\% is fitted to unfolded data considering statistical
correlation between bins

(unfolding is hased on ARTADNE)

NLO and unfolded data agree excellently for of '
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